Background: Mastectomy, referred to here as "Top Surgery," is an important surgical step for female-to-male (FTM) transgender patients. The goal is to excise breast tissue and create a masculine chest contour. Despite the rising demand for Top Surgery, debate still exists regarding how to select the most appropriate surgical technique to optimize aesthetic outcomes safely. Objectives: To determine the safety profile and aesthetic outcome of one surgeon's 15-year FTM Top Surgery experience. To provide an algorithm for FTM surgery technique selection based on this experience. Methods: A retrospective chart review was performed on 679 FTM patients (1358 mastectomies) undergoing Top Surgery from October 2001 to July 2016. The author's Top Surgery algorithm utilizes two techniques, "Keyhole" and "Double Incision Free Nipple Graft (DIFNG)," based on breast ptosis, inferior vertical skin pinch, and skin elasticity. Demographic data, operative details, complications, and reoperations along with their reasons were collected and analyzed. Results: Of the 679 patients, 15.3% underwent Keyhole and the remaining 84.7% underwent DIFNG procedure. The total complication rate was 18.1% and the total reoperation rate was 11.2% and these rates were shown to decrease over time. The two techniques differed significantly (P < 0.001) in operating time (136 vs 102 min), breast weight excised (215 vs 638 g), and complication rate (33 vs 16%). The aesthetic rating of results was 4.6/5 for Keyhole and 3.7/5 for DIFNG. Conclusions: Safe and aesthetically pleasing results were achieved using this simplified algorithm. Experience with FTM techniques can decrease complication and reoperation rates over time.
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The breast is a prominent feminine feature that can cause significant dysphoria in individuals who do not identify as female. Mastectomy, referred to as "Top Surgery," is an important step in the female-to-male (FTM) gender reassignment process. Increasing societal acceptance has led to increased awareness in the surgical community since the first FTM case series was published in 1995. 1 Estimates on the prevalence of people identifying as transgendered vary from 0.5% to 1.5% of the population. 2, 3 Those that go on to seek gender affirming surgery varies by country, with 0.17 per 100,000 in Sweden to 17.9 per 100,000 in Singapore. 4 FTM patients often take masculinizing hormones which can lead to partial breast regression. 5 However, the effect is minimal and these patients still rely on surgical breast ablation. Top Surgery is often the first and only surgery that many FTM patients will undergo. 4, [6] [7] [8] [9] The overall goal of Top Surgery is to masculinize the chest. This is achieved by: (1) removal of breast tissue and excess skin; (2) proper nipple positioning and reduction; (3) obliteration of the inferior mammary fold (IMF); (4) minimizing chest wall scars; and (5) appropriate chest contouring. 1, 6 Patients seeking FTM surgery gravitate to surgeons demonstrating both interest and expertise. 4 Since the first case series of 70 FTM patients published in 1995 by Hage et al, 1 several retrospective reviews have been published, with the largest being 202 patients. 4, [7] [8] [9] Top Surgery techniques vary considerably in the number of stages, approach (periareolar, transareolar, simple mastectomy, elliptical mastectomy), nipple pedicle (superior or parenchymal), and nipple grafting. Debate currently exists over which operative techniques provide the best aesthetic outcome with the lowest complication profile. 4, 8, 9 Top Surgery has been performed in Canada by the senior author (H.M.) for over 15 years. The author's extensive experience has resulted in the evolution of two surgical techniques based on 3 main factors: breast ptosis, inferior vertical skin pinch, and skin elasticity ( Figure 1 ). The FTM patient community is active online and has given these techniques shorthand nicknames which the author employs. The first is an inferior hemiareolar subcutaneous mastectomy, referred to as "Keyhole." The second is an elliptical mastectomy with free nipple graft, referred to as "Double Incision Free Nipple Graft (DIFNG)." For surgical consent, we use a nonjudgemental informed consent model, as for any other patient seeking surgery in our practice. In this model, surgical risks and benefits are explained, alternatives are discussed, and the patient's questions are sought and answered. 10 To our knowledge, we present the largest FTM Top Surgery series to date. We also describe a simplified algorithm for choosing the most appropriate FTM Top Surgery technique based on a large single surgeon 15-year experience.
METHODS
This is a retrospective chart review of all patients who underwent FTM surgery between October 2001 and July 2016 at the senior author's private surgical facility in Mississauga, Ontario, Canada. Institutional review board ethics approval was obtained (McMaster University, REB#: 12-588). Patients were over 16 years of age, capable of giving informed consent, and report persistent gender dysphoria. Demographic data, gender transition data, and operative information were collected. Finally, all minor or major postoperative complications as well as reoperations along with their reasons were recorded. Aesthetic evaluation was performed using postoperative photographs on a representative sample of 74 consecutive patients from 2015 using a 5-point Likert scale of chest contour, nipple aesthetics, and scarring. Charts were reviewed retrospectively by 2 independent reviewers (F.X. and R.C.), followed by further review with the senior authors (G.M. and H.M.) where there was disagreement. Statistical analysis was performed using the chi-square (Fisher's exact test) or the two-tailed t test where appropriate. P values of <0.05 were considered statistically significant.
Surgical Technique
The Keyhole technique is a semicircular hemiareolar subcutaneous mastectomy with chest contouring. Perioperative antibiotics are administered 30 minutes prior to skin incision. We begin by injection of modified Klein solution (1 L normal saline, 50 cc lidocaine 1% plain, 1 mL of 1:1000 epinephrine) to breasts and surrounding soft tissues. Sharp dissection under the areola is performed with a no. 15 blade and traction on the nipple-areola complex (NAC) to preserve a 5 mm thick button of breast tissue under the NAC to avoid indentation. The subcutaneous dissection is then carried outward with care to preserve skin flaps of uniform thickness. The breast gland is removed en bloc from the prepectoral fascia and sent for pathology. Obliteration of the IMF is then performed by releasing its fascial attachments with sharp and blunt dissection. Liposuction is performed along the inferolateral pectoral border to define the lateral pectoralis major muscle and "feather out" the edges of the dissection to prevent deformities. Next, the pocket is irrigated with saline and meticulous hemostasis is performed, with close inspection for perforators of the internal mammary and lateral thoracic arteries. Closure is with absorbable sutures in a deep and subcuticular layer. A suction drain is placed through an inferior axillary incision and typically removed within one week. Marcaine is injected around the periphery. Dressing is with abdominal (ABD) padding and surgical binder for 4 weeks (Supplementary Figure 1) .
The DIFNG technique (elliptical mastectomy with free nipple graft) is similar to that originally described by Thorek. 11 Preoperatively, the breasts are marked and an inferior vertical skin pinch is performed from the superior areola margin to the IMF to ensure closure of the ellipse. NAC position is determined by two anatomical measurements: the thorax circumference (T) measured at superior pole of breast and sternal length (S) from notch-to-xiphoid (Supplementary Figure 2) . All measurements are in centimeters. These measurements are then used to calculate the horizontal (A) and vertical (B) NAC position based on a formula developed by Beer et al. 12 Modifications to this formula have been made by the senior surgeon through experience and distilled into a chart to facilitate usage. (Table 1) . The chart provides a starting point for determining NAC position that must be guided by aesthetic judgement. Potential errors at this stage include placing the nipples too close together, too high, or directly on the horizontal scar. Typically, the inferior edge of the nipple is 5 mm above the horizontal incision and 10 to 12 cm from the midline of the sternum depending on the width of the patient's chest. In the larger breast, we tend to err on the side of a lower nipple position as the skin tends to retract upwards after unweighting of the breast as previous authors have shown. 13 The scar is planned with a transverse ellipse oriented as horizontal as possible. The inferior ellipse is based in the IMF and the superior extent is marked based on estimation of closure under minimal tension. The DIFNG begins with tumescent injection of modified Klein solution. The NAC graft is harvested with a 15 blade, leaving minimal subareolar tissue. Mastectomy is performed through the ellipse meticulously to ensure uniform thickness of skin flaps. Liposuction is performed with equivalent goals to Keyhole technique. Absorbable progressive tension sutures are used to obliterate dead space and tutures. 14 Nipple position is reconfirmed and grafts are placed in one of 2 ways. The harvested NAC may be grafted as single unit ("Single Graft"), or the nipple and areola are separated and reduced, and then grafted separately ("Double Graft"). The male areola is usually 23 mm in diameter. 12 Grafts are protected with Jelonet and a foam bolster secured with a 4-0 Nylon suture or taped in place for 7 to 14 days. Postoperatively, a chest binder is worn for 4 weeks and lifting is restricted for 3 weeks (Figures 2-3) . A video demonstrating the DIFNG technique is available as Supplementary Material online at www.aestheticsurgeryjournal.com.
RESULTS
The number of FTM patients who underwent Top Surgery between October 2001 and July 2016 was 679 (for a total of 1358 mastectomies) ( Table 2 ). The mean age was 26 years (range, 16-64 years) and BMI was 26.2 ± 5.4 kg/m 2 (range, 15-49 kg/m 2 ). A new name was adopted by 82.3% of patients, 68.2% used masculinizing hormone, and 4.0% had a previous breast reduction. Chest binding data for a subset of 125 consecutive patients from July 2015-July 2016 found 87.2% (109/125) utilized binding. There was no statistically significant difference between complications or reoperation rates for chest binding vs nonchest binding patients. Preoperative breast ptosis (Regnault classification 15 ) was as follows: 48.0% no ptosis, 22.6% Grade I, Comparison between Keyhole and DIFNG revealed a significant difference (P < 0.001) for age (23 vs 27 years), BMI (22 vs 27 kg/m 2 ), and ptosis (97% Grade 0 vs 61% Grade I or higher). Masculinizing hormone usage differed significantly between operative techniques (86% vs 65%, P < 0.001). The Keyhole technique excised significantly less breast tissue compared to the DIFNG (214.6 vs 637.5 g, P < 0.001). Furthermore, Keyhole took longer to perform than DIFNG (136 vs 102 mins, P < 0.001). The mean aesthetic 5-point Likert score was found to be 4.6 for the Keyhole technique (12 patients) and 3.7 for DIFNG technique (62 patients). The average follow up for these patients was 12 months (range, 8-16 months).
The total complication rate was 18.1% (123/679) ( Table 3) . Complications requiring only conservative management were considered minor, while those requiring surgical intervention were considered major. Minor and major complication rates were 18.7% (127/679) and 1.6% (11/679), respectively. The minor complications were: seroma (6.5%, 44/679), hematoma (4.9%, 33/679), infection (3.7%, 25/679), hypertrophic scar (2.8%, 19/679), partial nipple necrosis (0.4%, 3/679), and wound dehiscence (0.4%, 3/679). The major complication, hematoma requiring evacuation, occurred in 1.6% (11/679). There were no cases of total nipple necrosis in this study. When complications were grouped by those taking masculinizing hormones (18.6%, 86/463) vs those that were not (17.1%, 37/216), the difference was not found to be statistically significant (P = 0.67). In comparing the surgical techniques, Keyhole had a significantly (P < 0.001) higher total complication rate (33%, 34/104) compared to DIFNG (15.5%, 89/575). The types of complications were similar in the two techniques. However, Keyhole resulted in significantly more seromas (18.3% vs 4.3%) and hematomas (10.6% vs 3.8%). The overall reoperation rate was 11.2% (76/679). Reasons for reoperation were: breast contour revision, including dog ears and liposuction (6.3%, 43/679), nipple revision/reduction (2.5%, 17/679), hematoma requiring evacuation (1.6%, 11/679), and scar revision (1.5%, 10/679) ( Table 4) . Despite having similar overall reoperation rates for Keyhole and DIFNG (14.4% vs 10.6%), there were significant differences in the reason for reoperation between the two techniques. For Keyhole, the reasons were mostly nipple related (12%, 12/104), compared to mostly contour related reasons (7.3%, 42/575) for DIFNG.
DISCUSSION
The creation of the male chest contour is a meaningful operation for FTM patients. It is gender affirming, as the elimination of the feminine breast shape is of great psychological importance for these patients. 16 While masculinizing hormones and chest binding can reduce breast size, these interventions alone cannot fully eliminate the female chest contour. The goal of Top Surgery is different from oncologic breast surgery and is considered more difficult than male gynecomastia surgery. 8 This is not a cancer operation and patients are made aware of this early in the consultation process. Many techniques for Top Surgery are described in the literature and disagreement exists on selection between them for the individual patient. 4, [6] [7] [8] [9] 17 The FTM community is highly active online with information and experience sharing. These online forums are where the terms "Top Surgery" and "Keyhole" have risen to prominence. The growing demand for Top Surgery performed by the senior surgeon (Figure 4) demonstrates the FTM community's positive response to our results. Furthermore, our informed consent model for surgery removes barriers to care for these patients in the transition process. 10 It is our opinion that previous FTM algorithms based on case series have been overly complex 8, 9 with unnecessary techniques to account for intermediate grades of ptosis and skin elasticity. Guided by our extensive experience, we developed a simplified algorithm to facilitate technique selection (Figure 1 ). Our algorithm is based on three main preoperative determinants: breast ptosis, inferior vertical skin pinch, and skin elasticity. To grade breast ptosis we use the Regnault classification 15 which is familiar to most plastic surgeons. For cases with grade I ptosis or above, the DIFNG is the technique of choice to address skin redundancy. For Grade 0 ptosis, the next step in the algorithm is to perform an inferior vertical skin pinch to assess for excess skin. If this pinch is inadequate, then Keyhole is the technique of choice. If the inferior vertical skin pinch reveals skin excess, then the choice between techniques will depend upon skin elasticity. Poor skin elasticity will require DIFNG, while good skin elasticity may be amenable to the Keyhole technique. Additional indicators of skin excess are: (1) observing whether the IMF is well formed vs rudimentary; and (2) observing whether the breasts "disappear" when the patient is supine. Additional factors that may indicate one technique over the other include patient preference and large breast size. Some patients prefer the greater scars of the DFING to have less skin and nipple redundancy. In some cases, either technique may give a favorable result such as when there is only minimal skin excess and moderate elasticity. When this occurs the benefits and drawbacks are laid out for the patient for a shared decision making process. In summary, the algorithm is a guide for technique selection that must be tempered by surgical judgement. The algorithm closest to ours was published by Kääriäinen et al 17 in 2016 based on experience with 57 patients and two techniques. The "concentric circle" complication rate was similar to our Keyhole technique rate (33% vs 31%). The difference is that their "concentric circle" is circumareolar 18 whereas our Keyhole is an inferior areola incision which leaves the nipple on a superiorly based pedicle. Complication rates for their "transverse incision" technique is higher than ours for DIFNG (32% vs 16%). Our lower DIFNG complication rates may reflect our additional experience performing the technique (575 vs 28 patients). Kääriäinen et al do not specify whether quilting sutures were used, but we have found this addition lowered rates of seromas and hematomas. 14 The higher complication rate with Keyhole/concentric circle when compared to DIFNG may be attributed to the technique's greater degree of difficulty. Keyhole involves working through a smaller incision with less direct visualization, increasing the likelihood of damage to pectoralis fascia, pectoralis muscle, and potentially poorer hemostasis. Theoretically if the NAC is too small to do the Keyhole resection then a lateral or inferior extension could be made to aide in glandular excision, however the senior author has never had to do this. Hematoma and Seromas comprised the bulk of Keyhole complications (85%, 29/34), but only a few (6%, 2/34) required intervention in the operating room. Most these were amenable to aspiration in the office and resolved without long-term sequelae. Overall Top Surgery complications reported in the literature vary from 11% to 35%. 4, 7, 8, 17 This compares favorably with our overall complication rate of 18.1%. We consider this to be a safe complication profile, as it is at or below previously reported rates. Hage et al 1 used a staged approach for FTM Top Surgery and achieved a 19% (13/70) minor and 6% (4/70) major rate. Kääriäinen et al's 17 study, with an algorithm most similar to ours, had a minor complication rate of 33% (19/57) and a major complication rate of 9% (5/57). We believe the differences in complication rates can be partly attributed to the many surgical techniques employed. Secondly, Top Surgery is a specialized surgical procedure that requires extensive experience to master. If surgeons do not perform this surgery regularly complications may be more likely to occur earlier on the learning curve. In fact, a decreasing trend was noted when our complication and reoperation rates were plotted over time (Figure 4) .
Our reoperation rate of 11.2% fares well when compared to the literature, where it ranges from 17.6% 19 to 41%. 16 For Keyhole, our revision rate may even be overstated as nipple reduction is only performed secondarily if desired by the patient. While we use the 23 mm for a "standard" nipple size, we also accept that male nipples have a broad range of sizes. Secondary nipple reduction is not a common occurrence due to the smaller starting breast size and good skin elasticity in the Keyhole group. For DIFNG the revisions were mostly for minor aesthetic improvements, such as asymmetry, scar, and dog ear corrections, that were easily corrected under local anaesthesia once recovery and healing time had elapsed. Free nipple grafting does result in a decrease in nipple projection which is discussed with patients preoperatively. Depigmentation was anecdotally seen less often. Interestingly, our patient population is surprisingly tolerant of these minor imperfections and often get tattoos to cover their chest scars. In cases of IMF asymmetry, the higher IMF incision is adjusted to match the lower side. We use a three-point fixation suture to fix the IMF incision at the predetermined level and have not found this accentuates female contour. FTM patients' primary concern is often the flatness of the chest and orientation of the scar. Some authors have advocated curving the transverse incision upward laterally to follow the pectoralis major. The senior author initially used this technique but abandoned it as it usually failed to follow the border and patients complained it accentuated the female contour.
The Keyhole technique had a higher aesthetic rating than the DFING which is not surprising given the almost invisible scar pattern in the Keyhole when compared to DFING. The difficulty in comparing techniques beyond complications however is that the indications for each are very different and most patients who present for FTM surgery are not Keyhole candidates to begin with so for them the best result obtainable is with the DIFNG. The senior author views the DIFNG as a more "sure-shot" in terms in terms of nipple size and placement, removal of skin excess, and satisfactory male contour. In borderline cases where either technique may be a viable alternative these previous reasons often lead the senior surgeon to recommend DIFNG. In rare difficult cases with minimal skin excess and large areola the approach is the same, Keyhole FTM surgery and revision of areola as a secondary procedure. This is done to minimize NAC risk of necrosis and because in the authors experience many of these large areolas will decrease in size after the underlying stretch effect of the breast glandular tissue has been removed. We do not advocate circumareolar techniques because there is too much theoretical risk to the vascularity of the NAC. Other authors achieve good results with circumareolar techniques but in our hands, we have achieved good results without them. In terms of oncologic safety patients are informed that their risk of breast cancer is not reduced to zero as this is not the goal of FTM surgery. They are instructed to follow up as they would otherwise for breast cancer screening with their primary physician and it is a part of our informed consent process. Any patients who present with physical exam features or a history concerning for breast cancer are referred for appropriate for work-up and mammogram prior to FTM surgery. All specimens removed are sent for pathology and any atypical findings are immediately referred to a breast oncologist. This paper presents a unique perspective on "Top Surgery," chest masculinization for the affirmation of gender identity in FTM individuals. Our findings are unique in several ways. We present the largest series published in the literature to date. These high numbers afford a high degree of statistical reliability in confirming that these procedures are indeed safe. Significantly we also demonstrate that safety increases over time with these procedures. Our novel simplified algorithm for FTM surgery demonstrates that these patients can be successfully treated utilizing only two basic techniques. This success is affirmed by both the high patient satisfaction rate and the growing demand for FTM surgeries to be performed by the senior author.
Limitations
Our study did not collect patients' past medical history, which may influence complication rates. However, we believe this effect to be minimal since our average patient was young, healthy, and suitable for outpatient surgery. Skin elasticity data were also not recorded. However, the senior surgeon routinely examines for this by observation and manual palpation to aide in technique selection. We also assumed that all patients with free nipple grafting will have reduced nipple sensation. In our preoperative discussion with patients we discuss loss of nipple sensation. Anecdotally, few patients reported this and published evidence has called this loss of sensation into question. 20 Another limitation is that most patients were lost to follow up beyond the first few initial appointments. This is an inherent limitation to most cosmetic surgery practices with young and mobile patients and our practice is no different.
Our evaluative method of aesthetic results, despite being based on a previously published method, 8 is not validated. Currently no validated tool for collecting patient reported outcomes exists for the FTM population. A validated tool based on the Breast Q is currently under development. Once completed, it can be used to effectively evaluate results of future studies. 21 The final limitation is that the presented algorithm is based on the experience of a single surgeon. Nevertheless, the experience was extensive, with two well-described and reproducible techniques and algorithm.
CONCLUSIONS
In this paper, we present the largest Top Surgery series to date with 679 FTM patients. Our surgical algorithm for these patients involves two techniques, Keyhole and DIFNG. The most appropriate technique will depend on ptosis, inferior vertical breast pinch, and skin elasticity. It is our hope that this algorithm will benefit other plastic surgeons in helping FTM patients safely achieve a masculine chest contour, one that is a true reflection of their gender identity.
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